Sensitization of Gas Sensing Properties in TiO2/SnO2 Nanocomposites  by Kusior, A. et al.
 Procedia Engineering  47 ( 2012 )  1073 – 1076 
1877-7058 © 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Symposium Cracoviense 
Sp. z.o.o.
doi: 10.1016/j.proeng.2012.09.336 
Proc. Eurosensors XXVI, September 9-12, 2012, Kraków, Poland 
Sensitization of gas sensing properties in TiO2/SnO2 
nanocomposites 
A. Kusiora,*, M. Radeckaa, M. Rekasa, M. Lubeckab, K. Zakrzewskab, 
A. Reszkac, B.J. Kowalskic a 
a AGH University of Science and Technology, Faculty of Materials Science and Ceramics, Cracow, Poland 
b AGH University of Science and Technology, Faculty of Electrical Engineering, Automatics, Computer Science and 
Electronics, Cracow, Poland  




TiO2/SnO2 composites prepared by mechanical mixing of TiO2 and SnO2 nanopowders over a full compositional 
range from 100 mol% TiO2 to 100 mol% SnO2 are characterized by BET adsorption, isotherms method, X-ray 
diffraction, Scanning Electron Microscopy, SEM, Transmission Electron Microscopy, TEM, spectrophotometry and 
impedance spectroscopy, IS. Gas sensors made of these nanopowders show high and reproducible responses in 
reaction with hydrogen at a relatively low temperature, not exceeding 400oC. Remarkable increase in the sensor 
sensitivity accompanies mixing of SnO2 nanopowder with a small amount (2 mol%) of TiO2. This effect can be 
accounted for by an enhanced oxygen preadsorption on SnO2 grains due to the electron transfer from TiO2 to SnO2. 
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1. Introduction 
Surface states and morphology of metal oxides determine their sensitivity to the gas-solid interaction. 
Thus, reduced grain size affects gas adsorption process and improves performance of chemical sensors 
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based on nanomaterials [1-2]. Recently we can observe a growing interest in composite materials for gas 
sensor applications. Binary composites based on two metal oxides, e.g. SnO2 and TiO2; SnO2 and ZnO as 
well as SnO2 and In2O3 have been found particularly useful for gas sensing purposes. It has been shown 
that the sensor response, sensitivity and selectivity could be improved [3,4]. TiO2/SnO2 system [5-8], both 
in the form of a solid solution and composite takes advantage of the best features of its individual 
constituents SnO2 and TiO2. TiO2-doped SnO2 is believed to show better sensitivity than undoped SnO2 
due to the fact that the conduction band edge of TiO2 lies above that of SnO2. 
2. Experimental and results 
2.1. Experimental 
 Nanocomposites were prepared by mechanical mixing of commercial (Sigma Aldrich) nanopowders 
of rutile-TiO2 (purity 99,5%) and tin dioxide (IV) (non-specified purity) by zirconia balls in ethanol for 
1h. Composition of the prepared composites was varied from 100 mol % of titanium dioxide (IV) to 100 
mol % of SnO2.  
Transmission and Scanning Electron Microscopy was used to characterize microstructure of the 
prepared nanopowders. Specific surface area, SSA was obtained from nitrogen adsorption BET 
(Brunauer-Emmett-Teller) isotherms using ASAP 2010 Chemi System Micromeritics Instruments. 
Crystallographic properties were determined by X-ray diffraction carried out with an X’Pert MPD Philips 
diffractometer. Spectrophotometry and impedance spectroscopy IS were performed in order to study 
optical and electrical properties of the prepared nanocomposites, respectively. 
Dynamic changes in the electrical resistance R upon hydrogen adsorption were recorded in a system 
described in [6,8]. 
Table 1. Chemical composition, specific surface area, SSA and grain size from BET as well as the crystallite diameter D from XRD 






Chemical composition, specific surface area, SSA as well as the crystallite diameter of the starting 
materials and prepared nanocrystalline TiO2/SnO2 composites, as compared with the grain size, are given 
in Table 1. TiO2/SnO2 nanocomposites are characterized by the specific surface area of 21,2-158,5 m2/g 
Chemical composition mol% 
TiO2 
Specific surface 
area SSA (m2/g) 
Grain size from 
BET (nm) 
Crystallite size from 
XRD (nm) 
 SnO2 TiO2 
0 (SnO2) 21,2 40,7 28  
2 23,2 37,5 28  
10 26,9 33,4 28  
20 34,7 27,0 28  
50 64,5 16,7 26 11 
80 115,3 11,0 28 11 
90 137,1 9,8 21 9 
95 146,3 9,5  9 
100 (TiO2) 158,5 9,0  8 
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and small crystallite size: 8-28 nm. The SSA increases with the admixture of titanium dioxide because of 
the small grain size of rutile-TiO2 starting material. However, the crystallite size remains almost 
unaffected by chemical composition i.e. is larger for SnO2 (21-28 nm) and smaller for TiO2 (8-11 nm). 
TEM and SEM images in Fig.1 indicate that 50 mol% TiO2/50 mol% SnO2 nanopowder is composed 
of separate TiO2 and SnO2 grains of different shape. Optical measurements reveal a systematic shift of the 
fundamental absorption edge from the position characteristic for SnO2 to that corresponding to TiO2 
(Fig.2). 
 
                          
       (a) (b) 
Fig. 1. (a) TEM of starting materials SnO2, TiO2 and 50 mol% TiO2/50 mol% SnO2 nanocomposite; (b) SEM of starting materials 
SnO2, TiO2 and 50 mol%TiO2/50 mol% SnO2 nanocomposite 
 
      
Fig. 2. Diffuse optical reflectivity Rdiff as a function of wavelength λ for TiO2/SnO2 nanocomposite 
 
                          
Fig. 3. Impedance spectra of SnO2, TiO2 and 50 mol% 
TiO2/50 mol % SnO2 nanocomposite in dry air and at 100% 
Rh at 25°C  
Fig. 4. Dynamic changes in the electrical resistance R (left 
hand scale)  upon hydrogen adsorption at 375°C for SnO2 
and 2 mol% TiO2/98 mol% SnO2 nanocomposite 
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Impedance spectra  (Fig.3) indicate that TiO2 demonstrates higher electrical resistance than SnO2 at 
420°C while that of 50 mol% TiO2/50 mol% SnO2 nanocomposite falls in between. The impedance 
spectra are affected to a large extent by humidity . 
Dynamic changes in the electrical resistance caused by step changes in concentration of H2, at 375°C 
temperature over the concentration range of 50-3000 ppm are given in Fig.4. Significant enhancement of 
the sensor response occurs for 2 mol% TiO2/98 mol% SnO2. This result correlates with the impedance 
spectra and  accounts for electron transfer from TiO2 to SnO2 grains. Increase in the sensor response can 
be explained by electron injection into the conduction band of SnO2, which facilitates oxygen 
preadsorption at its surface. 
3. Conclusions 
Gas sensor based on TiO2/SnO2 nanocomposites are characterized by large specific surface area. 
Optical and crystallographic studies indicate systematical change of properties from those of TiO2 to 
SnO2. Influence of humidity on the impedance spectra depends on the temperature and indicates the 
interfering effects in the case of hydrogen sensing. It was demonstrated that the small amount of TiO2 (2 
mol%) in composite improved its high and reproducible response for hydrogen at relatively low 
temperature.  
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